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ECOLOGYOF HELMINTH
CONCURRENTINFECTIONSAND THE COMMUNITY
PARASITES
John Janovy Jr.,
School of Biological Sciences, University of Nebraska-Lincoln, Lincoln, Nebraska 68588-0118. email: jjanovy1@unl.edu

In the early 1960s, John Holmes published 3 papers from his
doctoral dissertation research, started at Rice University under
the incisive supervision of Asa Chandler and completed under
the equally incisive, if somewhat ornery, eyes of Clark P. Read.
The first of these papers (Holmes, 1961; reprinted herein), established conclusively that 2 species of parasites interacted with
one another in their common environment, such interaction being prerequisite to application of the "community" concept.
This paper thus marks the beginning of modern community
ecology as applied to parasitic helminths. The second paper
(Holmes, 1962a) further defined the nature of interactions between Hymenolepis diminuta and Moniliformis dubius (= moniliformis). But if Holmes (1961, 1962a) established helminth
community ecology as a rich, legitimate, and useful subdiscipline of parasitology, then Holmes (1962b) cast an intriguing
shadow over his own results, for the 2 parasites did not interact
with one another in the hamster as they did in the rat. Thus,
the 1962 papers told us that the secrets of symbiont interspecific
relationships would not be easily revealed and, more importantly, that system-specific effects could easily be the rule rather
than the exception. After all, only 2 species of rodents were
involved and only 2 species of helminth parasites; who could
predict what might happen when similar studies were done with
a hundred species of each? One can imagine Clark Read sitting
in an easy chair late at night, smiling under his dark mustache,
smoking with Hollywood type-cast ease, and completing his
first reading of the draft dissertation. This stack of paper is
indeed a seminal work, he probably concluded; thus, the smile.
But the hamster section is really interesting, he might well have
thought; thus, the eyes narrowed, Read-like crinkles forming at
their corners, his smile widening, and the fire flaring as he took
a deep drag.
Perhaps it is somewhat blasphemous to imagine Read's response to Holmes' graduate research, but in the grand tradition
of parasitology, we can almost hear him saying: "the rat work
is so impressive, so consistent with what we want to have happen in nature, that the broader scientific community is likely to
ignore completely the results of those hamster experiments."
And, as predicted in our imaginary scenario, the host-specific
nature of Holmes' published results continued to be a matter of
discussion over the next 4 decades, especially among those
whose primary interest was parasitology, and who would therefore be cautious when approaching natural symbiotic systems.
However, those who considered themselves "ecologists"
grasped eagerly at the more paradigmatic implications of
Holmes (1961) and Holmes (1962a)-after all, interspecific interactions are the factors that convert assemblages into communities, and if terminology is a reflection of underlying assertion, then we routinely assume interactions, or at least some
kind of structuring mechanism, because the word "assemblage"
is used only rarely nowadays. Indeed, the American Society of
Parasitologists ad hoc terminology committees have consistent440

ly recommended use of the term "community" (Bush et al.,
1997) to describe concurrent infections with different parasite
species.

Since Holmes (1961, 1962a, 1962b), parasite community
ecology, and parasite ecology in general, has been shaped by 5
over-reaching concerns: (1) the question of whether members
of parasite communities truly interact, (2) the search for patterns in nature that would reveal processes determining parasite
community structure, (3) appropriate quantitative methods for
describing and comparing communities, (4) development of
models for generating hypotheses about community organizing
processes, and (5) a search for systems amenable to testing
these hypotheses. To date, nobody has managed to link these
concerns together into a central unifying theme, the most likely
reasons being the large number of factors that influence parasite
diversity and distribution and the near impossibility of using so
many host-parasite systems experimentally, especially in anything remotely resembling a natural setting.
Do different parasite species interact directly with one another, and if so, what is the nature of such interaction? Infection
site is the context of our attempts to answer these questions.
Interactions between community members are predicted when
they obviously share a common resource, e.g., intestinal lumen
or gill filaments; however, when different parasite species occur
in different tissues, the opportunity for, and the very nature of,
potential interaction is not at all obvious. If parasite species
interact, the outcome can take various forms, including spatial
displacement or reduction in numbers and biomass of one or
more participants. If parasite species do not interact, they exist
in relative isolation from one another, thus the term "isolationist" to describe such communities. These 2 possibilities formed
the basis of a long-running, good-natured debate between John
Holmes and Peter Price over the question of whether parasite
communities were interactive or isolationist (Holmes, 1973;
Price, 1980; Holmes and Price, 1986; Holmes, 1987; Price,
1987). This debate remains largely unresolved for 2 reasons:
experimental designs using multispecies communities are logistical nightmares, or black holes, depending on your preferred
metaphor (Simmons and Laurie, 1972; Holland, 1987), and a
multiplicity of factors determine the abundance and distribution
of parasites in nature.
Holmes initially maintained that parasites occupying a common habitat, e.g., the vertebrate intestine, often interacted with
one another, citing examples from elasmobranchs, bony fish,
amphibians, birds, and mammals (Cross, 1934; Kisielewska,
1970; Simmons and Laurie, 1972; Holmes, 1973). Furthermore,
he and his students compiled a massive body of data on natural
systems and presented their observations quite forcefully, thus
setting the content and sampling standards for studies on parasite communities in nature (e.g., Bush and Holmes, 1986a,
1986b; Stock and Holmes, 1988). Price (1980), on the other
hand, claimed that most often, parasite communities were really
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assemblages in which species simply co-occurred without in- frapopulations of monogenes, myxozoans, and Trichodina sp.
teracting. Price (1980) cited numerous works of "noninteractive on Fundulus zebrinus gills; however, significant positive cor[parasite] coexistence" and reinterpreted some oft-cited studies relations did occur between infrapopulations of 2 Gyrodactylus
(Schad, 1963a). In the process, he suggested that a particular species: one on the gills and one on the body surface, again
habitat within a host, for example an intestine, might actually suggesting transmission conditions were the primary commusupport more parasite species than were found within the com- nity organizing factor.
munity. Thus was born the concept of the vacant niche.
Finally, in a number of papers, Poulin and coworkers (Poulin,
Neither side of this debate won, in part, perhaps, because of
1995, 1996; Poulin and Rohde, 1997) have tried to separate the
the species-specific nature of parasite communities and their effects of phylogeny and ecology in providing structure to parhosts, as suggested by the comparison between Holmes' 2 pa- asite communities. The 2 important questions are: Why is a
pers (1961, 1962b), and we now admit there is a continuum of particular species of parasite in a particular species of host, and
interactiveness in parasite communities (Goater et al., 1987; what factors produce the distribution of parasites among availCabaret and Hoste, 1998; Dove, 1999). Nevertheless, the able hosts at the time the host population is sampled? For a
Holmes and Price discussions had important evolutionary im- particular locality and host population, phylogeny provides an
plications, presenting ideas that have yet to be explored fully answer to the first question only if 2 conditions hold; namely,
and which might never be explored to our satisfaction because that infective stages of all parasite species capable of infecting
the methodology is not particularly obvious. Underlying the de- a host are in the host's habitat and that habitat is stable enough
bate over proximal organizing mechanisms was a more basal to eliminate local transmission dynamics as a causal factor. Phydiscussion of how species lists for a particular host were assem- logeny is relevant to the second question only if the various
bled over evolutionary time. The various ideas arising out of parasite species have traits that predispose them to compete
this discussion, some borrowed with modification from the gen- with one another, as may have been the case in the original
eral ecological literature, are summarized in Price (1987, Table Holmes' (1961) study.
The second concern, the search for process in pattern, has
I), and that paper, along with its companion piece (Holmes,
1987), explains the issues beautifully. At least 2 of the evolugenerated a rich and fascinating literature, temporarily culmitionary scenarios do not invoke interactions at any time during nating in a landmark volume titled, appropriately, Parasite
the assembly of a parasite list typical of some host species,
Communities: Patterns and Processes (Esch et al., 1990). Since
postulating instead that parasites are either simply not available
1990, the search for process has continued unabated, even per(for whatever reason) for membership in a community or are haps stimulated by Esch et al. (1990). Host-parasite systems
so specialized already that competition is not a restraint on their are usually chosen because of what they can "tell" an invescolonization of new hosts. Other models invoke competition at tigator, and sampling strategy then becomes the defining elevarious times during community assembly in both evolutionary
ment of the study. Typical community structuring processes reand ecological time. Although the "Ghost of Competition Past" vealed by such research include, as a minimum, host longevity,
is virtually impossible to find, Price (1987) suggests that we size, and diet (Blaylock et al., 1998; Lo et al., 1998; Morand
could sort through the various evolutionary scenarios by an- et al., 2000); shared intermediate hosts (Bush and Holmes,
swering certain questions (he gives 5). Nothing in the published
1986a); the size of the available parasite pool (Vidal-Martinez
record since 1987 indicates that anyone has systematically set et al., 1998); time and variable abiotic conditions, with the atabout to answer this list of questions for any one parasite com- tendant effect on intermediate hosts (Janovy et al., 1997; Poulin
and Rohde, 1997; Abu-Madi et al., 2000; Camey and Dick,
munity.
Intermediate host availability and transmission environment 2000; Weichman and Janovy, 2000; Barger and Esch, 2001;
(typically dictated by abiotic conditions), and host and infection Fedynich et al., 2001; Valtonen et al., 2001); the generalist versite specificity (the primary biotic factors in most parasitic re- sus specialist nature of parasites (Marcogliese and Cone, 1998;
lationships) all have major influences on the species richness Zaffaroni et al., 1999); water temperature (Paperna, 1964); latand relative abundance in parasite communities. This mix of itude (Rohde and Heap, 1998); and host phylogeny (Poulin,
factors presents us with a large problem when we try to design
1995). The length of this list might serve as a warning to those
heuristic evolutionary models, mainly because, ideally, we must seeking evolutionary mechanisms applicable to parasites in
account for past ecological factors that either threw parasite general. Clearly, the forces that distribute parasite genetic varspecies together in some common resource, i.e., set the stage iants among potentially selective environments are in themfor interaction, or kept them apart spatially or temporally. For selves highly varied, and one cannot necessarily assume that
example, although intestinal helminths are typically at least these forces will remain stable enough over evolutionary time
somewhat host- and infection site-specific, studies of natural to allow for parasite evolutionary response. Holmes (1973) was
systems often seem to produce more positive than negative in- probably right in focusing on infection site specificity as a materactions (Dobson and Pacala, 1992; Bucknell et al., 1996; jor factor in structuring parasite communities, and Rohde's
Luque et al., 1996; Cabaret and Hoste, 1998; Luque and Chav- (1994) contention that mate-finding, rather than competition, is
es, 1999; Sanmartin et al., 2000). Positive interactions are most the driving force behind such specificity is also probably correadily attributed to ecological factors, i.e., transmission con- rect. Any assessment of interactions between parasite species
ditions, as in the Kehr et al. (2000) studies of helminths in in a common habitat must occur against this background of
South American frogs (Lysapsus linellus; Pseudidae), showing
infection site specificity, and this is one of the main reasons
that positive associations were habitat dependent. Interactions Holmes' 1961 paper has such an enduring quality.
often cannot be detected even when parasites share a resource,
If the literature is an accurate reflection of our thinking, the
e.g., Janovy et al. (1997) reported no correlations between in- third concern-appropriate quantitative descriptors for parasite
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communities-has evidently been addressed to the satisfaction
of parasitologists. The terms "core" and "satellite" were borrowed from the ecologists (Hanski, 1982) then applied to parasite species with high and predictable prevalence versus low
prevalence and sporadic occurrence, respectively (Bush and
Holmes, 1986a, 1986b; Stock and Holmes, 1988). Various association, niche breadth, species diversity and community similarity indices, also borrowed from the mainstream ecological
literature, were applied to parasite communities as a whole
(Hair and Holmes, 1975; Edwards and Bush, 1989; Fedynich
et al., 1997; Rigby et al., 1997; Smales and Cribb, 1997; Poulin,
1998; Dove, 1999; Zelmer and Esch, 1999; Byrne et al., 2000;
Machado et al., 2000; Madhavi and Sai Ram, 2000; Simkova
et al., 2000). Although certainly useful in a purely descriptive
sense, it is not at all clear what value the "core," "satellite,"
and "similarity" concepts have in either an evolutionary or
ecological sense. In other words, they tell us what parasite communities look like and how similar they might be in terms of
species makeup and relative proportions, but they tell us very
little about evolutionary or ecological events that actually determine community structures. Parasites might be excellent material with which to link causality with description, however,
because in many, if not most, cases we know how hosts acquire
parasites; however, few studies, aside from those involving
tropical diseases, go beyond the description-interpretation
phase to actually determine ecological factors that control the
flow of parasites into host populations.
Appropriate systems should allow us to distinguish between
the various factors working to shape communities, but such
systems are in short supply. A critical question, for example, is
whether a parasite species shared by one or more hosts in ecological time is at least temporarily split into genetic variants
according to host species occupied. Similarly, one might ask
whether infrapopulations of a parasite species vary genetically
depending on the combination of co-occurring parasite species.
These questions have simply not been addressed for helminth
communities. What we really need to know are the mechanisms
by which parasite gene pools are either split or maintained in
concurrent infections, and so far that knowledge is very rudimentary, especially for helminth communities. However, the
many published quantitative descriptions of parasite communities, and the diversity of both hosts and parasites studied,
provide a rich source of problems for future population geneticists interested in the evolution of symbiotic relationships. One
truly remarkable study, albeit done at the whole-organism level,
gives us an intriguing peak into this future. Reyda and Nickol
(2001) showed that worms from a laboratory strain of Moniliformis moniliformis, separated from its wild source population
for 31 yr (-60 generations), freely interbred with worms from
the wild source with no reduction in fecundity. Transposing the
Reyda and Nickol (2001) approach to a parasite community
such as that described by Stock and Holmes (1988) provides a
glimpse of the challenge ultimately facing those who would try
to answer some of the most difficult questions about the evolutionary forces providing structure to parasite communities.
The fourth concern of those studying parasite ecology is theory, exemplified by various mathematical models. Some of
these models assume host population growth to be regulated by
parasites (Dobson and Roberts, 1994; Roberts and Dobson,
1995), but others do not (Janovy et al., 1990), and still others

focus on host phylogeny as a major contributor to parasite community makeup (Vickery and Poulin, 1998). The models are
useful insofar as they suggest testable hypotheses, although the
underlying assumptions must first be validated. For example,
many factors other than parasitism can limit host population
growth, and to date, only one set of studies has produced anything resembling relative risk tables-from field data-that
would show how even a single parasite species might affect
host populations in nature, compared to predation, annual fluctuations in climatic conditions, and pure bad luck (Hudson,
Dobson, and Newborn, 1992, 1998; Hudson, Newborn, and
Dobson, 1992; Dobson and Hudson, 1992; 1995). Gatto and
DeLeo (1998) address this issue theoretically, however, showing that in host populations controlled by factors other than
parasitism, both host numbers and parasite transmission mechanisms are the major factors providing structure to the parasite
community. The Gatto and DeLeo (1998) results agree with
those of Janovy et al. (1990, 1995), who suggest that appropriate parasite community models are ones in which the major
factor is probability of infection that varies among parasite species. In all of these models, the evolutionary component is assumed, i.e., the potential parasite community is built from species that could infect the host if given an opportunity, and hostparasite encounter dynamics then determine distribution of parmembers of a
asites-both individuals and species-among
host population. To be an important structuring factor, therefore,
interactions between parasite species would have to override
the ecological events that distribute those same species into
hosts.
The fifth and final concern of parasite ecologists, namely the
search for systems amenable to experimental manipulation, is
being actively pursued, possibly because surveys are so often
excellent teaching devices for beginning graduate students
(Banks and Ashley, 2000; Bolek and Coggins, 2000). In addition, the search for patterns that would reveal process is also,
by default, a search for systems that could be used experimentally. We do not always think of inventories in this manner, but
regardless of their various designs, such studies do tell us what
species are available, how easy they are to sample and process,
and what kinds of biotic interactions might be present in the
system. Community structuring processes are sometimes
thought to be most easily detected when relatively few parasite
species are involved. Thus fish seem to be a favorite survey
target, possibly because they are so often available in large
numbers, their gills provide a natural and quantifiable habitat,
and their parasite communities tend to be depauperate compared, for example, to those of some birds and mammals
(Garcia and Canaris, 1987; Montgomery and Montgomery,
1990; Holmes and Bartoli, 1993; Guegan and Hugueny, 1994;
Hartvigsen and Halvorsen, 1994; Beveridge et al., 1998; Zander
et al., 1999; Choudhury and Dick, 2000; Machado et al., 2000;
Perez-Ponce de Leon et al., 2000; di Cave et al., 2001; Gutierrez, 2001). Inventories have yet to yield a large number of
systems that could be exploited experimentally, but we have a
very long way to go before all potential host-parasite combinations are fully explored. If surveys and inventories would
produce even one more system as useful as, but perhaps more
economical than, the rat, Hymenolepis diminuta, and Moniliformis moniliformis combination, that discovery would benefit
enormously the discipline of parasitology.

JANOVY-CONCURRENT INFECTIONS

A final comment needs to be made about the role of acanthocephalans in concurrent helminth infections. Price (1980) alluded to the possibility that acanthocephalans might have more
of an impact on intestinal communities than other kinds of helminths. Although nobody has systematically explored that idea,
a few subsequent studies suggest that acanthocephalan-cestode
combinations might be particularly revealing of interspecific interactions (Duborow et al., 1988; Bates and Kennedy, 1990;
Vidal-Martinez and Kennedy, 2000). If this is the case, then
John Holmes' original choice of materials, made for whatever
from insight to pure convenience, was a, if not
reason-ranging
the, key factor in the development of parasite ecology as we
practice the discipline and interpret our results today.
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